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Outline: Overview

Stars and Dust in Galaxies

Milky Way, Credit & Copyright: Serge Brunier
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Obtaining a Census of Star Formation in Galaxies
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Outline: Overview

Multiwavelength data of the Spiral Galaxy M 101

X ray (Chandra) UV (GALEX) Ho (KPNO)

R(KPNO) +H (2MASS) || MIR 8 um (Spitzer) H12lem (VLA)

Credit of the images: Chandra X ray data: NASA/CXC/JHU/K.Kuntz et al,; GALEX data: Gil de Paz et al. 2007, Ap)S, 173, |85;
R & data: Hoopes et al. 2001, Ap), 559, 878; 2MASS data: Jarrett et al. 2003, A|, 125, 525; data: Dale et al. 2009,Ap), 703,517;

VLA HI 21 cm : Walter et al. 2008, A, 136,2563, "The H | Nearby Galaxy Survey”.

Credit of the composition: Angel R. Lépez-Sanchez (Australian Astronomical Observatory / Macquarie University).
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Redshift of z ~ 2 : Peak of SFR Density
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Star-Formation Rate Diagnostics
or How to Correct Dust Attenuation?

C Ha recombination line>

- Massive early-O type stars (indicator of instantaneous star-formation rate)
- Obscured by dust
- Possible to obtain individual measurements at z~2

- UV stellar emission

- Massive O and B type stars

- Heavily obscured by dust (A;5,,~0.5-3.0)
- IR dust emission

- Reprocessed light from absorbed UV photons
- No large samples with individual detections at z~2



Ha:
Tracer of instantaneous star formation
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The MOSDEF* Survey
*MOSFIRE Deep Evolution Field
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In MOSDEF we study:

- Excitation properties

Shapley+201 5 Sanders+2016b
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In MOSDEF we study:

- Kinematics

Price+2016
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In MOSDEF we study:

- AGN and black hole activity

Coil+2015 Azadi+2016
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In MOSDEF we study:

- Star formation and dust
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STAR FORMATION & MASS ASSEMBLY
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The SFR-M=x relation
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The SFR-M=x relation

Redshift
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Slope = 0.58 £ 0.10 (z=2.09 - 2.61)

0.65+0.09 (z=1.37-2.61)
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 Discrepancy in the
literature:
slope ~0.3-1.0

* This study: 0.65 +
0.09

- Dust Correction
- Sample biases
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The SFR Scatter
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The SFR Scatter
SFR(Ha,HB): O type stars SFR(UV): O and B type stars
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Outline: SFR-M= relation

Galaxy-to-galaxy variations in attenuation curve
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Are Ha and Hf good tracers of SFR at z ~ 27?
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Panchromatic SED Modeling

FSPS models, Conroy+2009
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Panchromatic SED Modeling

FSPS models, Conroy+2009
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Panchromatic SED Modeling

FSPS models, Conroy+2009
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Outline: Is SFR(Ha,HB) accurate?
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Outline: PAH emission at high-z

Is 8um a good tracer of SFR?
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The PAH emission at 7.7um
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Is 7.7um a good tracer of SFR?
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« Commonly-used conversions of Lg (or f,,) to L,z at z ~ 2 are only valid for
massive and metal-rich galaxies.

« For galaxies with M,<10'°M_, these conversions should be applied with
caution as they underestimate the Lz and SFR by a factor of ~ 2,

Shivaei et al. 2016, submitted
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Implications for high-redshift studies
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Implications for high-redshift studies

« The SFR-M. Relation Magnelli et al. 2011
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Implications for high-redshift studies

« The SFR-M. Relation Lookback time (Gyr)
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Outline: Current/Future Projects

Current / Future Projects

Other dust properties of galaxies at z~2

Investigating variations of the 2175A extinction feature and its relation with the strength of
the PAH 7.7um feature

Determination of the dust attenuation curve of z~2 galaxies, using the full sample of
MOSDEF with ~1000 galaxies

Stochasticity of star formation in galaxies with low Ha/UV ratios using their rest-frame
UV spectra (Keck/LRIS)

Tracing PAH features in high-redshift galaxies (JWST/MIRI)
Exploring dust grains destruction and production mechanisms (Keck, JWST, ALMA)

Keck Observatory JWST - Courtesy: ESA



Outline: Summary
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- Using the MOSDEF Ha and Hf3 spectroscopic data, we constrain the
slope and scatter of the SFR-M. relation for star-forming galaxies at z ~ 2
(Shivaei+2015b)

- We show that by assessing the scatter in the SFR-M. relation, unless we
have direct measurements of galaxy-to-galaxy variations in the dust
attenuation curve, we cannot constrain star formation stochasticity

- Even at high SFRs, dust-corrected Ha luminosity, using Balmer
decrement, is an accurate tracer of SFR (Shivaei+2016)

- Rest-frame 8um luminosity is strongly dependent on metallicity and
should be treated with caution as a SFR and total IR luminosity estimator
(Shivaei+2016, submitted)

- The IR luminosity density and SFR density at z~2 are 30% higher than
previously estimated

- With JWST, we will be able to observe PAH features and probe their
physical conditions in even higher redshift galaxies



